Abstract-In order to design suhmicrometer Si MOSFET's properly, the specific contact resistivity p , has to he controlled. The p, is known Manuscript
. A radiation pattern of the plasma from a tired cell is shown, superimposed nn the usual optical pattern. The emitter injection current is 10 mA through 500-R load from 5 V . The plasma area is partly covered by the metallized middle row. so that the recombination radiation image is observed as separated by this metallization line. The shift pulsewidth and also the exposut-e time are 40 ps, and the integration is 60 s. It implies that a timing analysis of digital circuit is po\sihlc.
[ l ] A. G. Chynoweth and K . G Abstract-Response of normall) off GaAs photo-MESFET's has been investigated in two modes: i) the normal mode in which the photon energy is greater than the bandgap and the light intensity is sufficient to bias the device abme turn-on threshold, and ii) the wbthreshold mode with subbandgap photon energy illumination. In the second mode, the tranGstor operates b j internal photoemission from metal gate to the semiconductor. In the normal mode, the square root of the drain photocurrent \arks as logarithm of the incident light intensity.
The device characteristics for subbandgap illumination have been analy7ed for the first time and we show that the photocurrent varies linearly with light intensity in this mode.
I. INTRODL~CIION
Recently, ultrafast photoresponse of GaAs MESFET's. also called O P F E T ' s , has also been demonstrated [I] . These In this brief. photodetection response measurements were perfornied on GaAs MESFET devices. including their response to photon energies smaller than the bandgap of GaAs. For the photon energies between the Schottky-barrier height and the bandgap energy (0.85-1.4 e V ) it is the internal photoemission process which gives rise to photocurrent. This current is, in turn, amplified by the FET. A self-consistent model using measured parameters is presented to explain the results. The spectral response in the subbandgap region shows the behavior predicted by the Fowler theory 161 and our results confirm the mechanism proposed by Sugeta et a / .
E X P E R I M E N T A L
Nomially off GaAs MESFET devices were fabricated on semiinsulating GaAs substrates ion-implanted with silicon using standard processing steps. T h e current-voltage behavior of the MES-FET's was invcstigatcd under front illumination. For photon energies hv > E,, a 2-mW He-Ne laser was used. Thc intensity of illumination was varied by a set of neutral density filters. For spectral response measurements, light from a tungsten lamp was passed through a monochromator and then focused onto the gate region. For photon energies h u < E,, the light beam was chopped and the photocurrent was measured by using a lock-in amplifier. Current-voltage behavior in dark was also measured. Fig. 1 shows typical l,) ,5-VDs characteristics of a large-area (90-pm-long gate) device operating in dark. The device shows normally off behavior and operates as an enhancement-mode MES-F E T , with a threshold voltage V , = 100 m V . Similar characteristics were observed with 2-pm-long gate MESFET's. where I,yc is the short-circuit current proportional to the incident light intensity, lo is the dark saturation current. and n is the ideality factor of the Schottky barrier. The value of n was measured to be 1.27 from dark I-V characteristics. By varying the intensity of illumination, the open-circuit voltage developed on the gate changes and hence a family of IDS-VDs curves were obtained. In the square law regime, with VGs >> V , . the drain current depends on the incident light power P as follows:
RESULTS A N D DISCLISSION A . Normal Operation
where q is the quantum efficiency and hv is the photon energy. 
B. Subthreshold Subbundgap Operution
The inset in Fig. 4 shows the device response at photon energies hu < 1.4 eV extending down to -0.8 eV. GaAs does not have significant absorption at these photon energies (0.8-1. In order to substantiate the internal ohotoemission nature of the photoresponse in the subbandgap regime. we have plotted the square root of the drain current per incident photon o r the yield Y as a function o f t h e photon energy. The experimental curve is shown in Fig. 6 . A linear relationship is seen over a wide energy range h u > 48. W e obtain a value of G8 -0.87 cV. which is in good agreement with the Ti-GaAs Schottky-barrier height 161.
IV. CONCLUSION
A normally off M E S F E T can be used for detecting light of energy i) above the bandgap of the semiconductor by hand-to-hand excitations and ii) below the semiconductor bandgap by internal photoemission. The lower limit of the photon energy that can be detected in the latter case is given by the gate Schottky-barrier height. In both cases, the photoresponses can be explained by a model in which the M E S F E T gate Schottky barrier acts like a photodiode and develops a photovoltage under illumination, which, in turn. changes the drain current. The response current is amplitied by the F E T transistor action. In the nomial mode of operation, The authors wish to thank P. P. Suratkar and V . T . Karulkar for
